Atherosclerosis is characterized by the thickening and obstruction of the arterial lumen and thrombosis associated with vulnerable disrupted plaques seems to be responsable for the accelerated process of clinical sindrome presentation. Strategies to promote plaque stabilization and reduce thrombus burden have been one of the major targets of recent times. Modification of diet and lifestyle has important benefit in reducing coronary risk. Several pharmacological strategies for reducing cardiovascular morbidity and mortality have demonstrated effectiveness. Statins and angiotensin converting enzyme, fibrinolitics, inhibitors of the intrinsic coagulation cascade and anti-platelet agents have been developed to reduce the impact of atherosclerosis and inhibit thrombogenesis.
Introduction
Atherosclerotic disease is a focal pathological phenomena characterized by the thickening and obstruction of the arterial lumen. Epidemiological, clinical and experimental studies have identified several risk factors that are relevant in patients with atherosclerotic disease. Thrombosis on vulnerable high risk plaques is the major trigger of acute ischemic events in the coronary, cerebral and peripheral arterial circulation.
Endothelial dysfunction is one of the initial targets and triggers of the successive events responsible for the formation of atherosclerotic lesions [1] [2] [3] [4] (Figure 1 ). The clustering of risk factors (elevated LDL-cholesterol, smoking, diabetes, high blood pressure and low HDL-cholesterol levels) and their local hemorheological, hemodynamic and biochemical effects synergically contribute to the induction of the initial primary lesion. A break in the endothelial permeability barrier will facilitate the entrance of circulating monocytes and plasma lipids into the arterial wall, as well as platelet deposition at the sites of endothelial denudation. Damaged endothelial cells, monocytes, and aggregated platelets through the release of mitogenic factors potentiate the migration and proliferation of vascular SMC, that together with increased receptor-mediated lipid accumulation and increased connective tissue synthesis, would shape the typical atheromatous plaque. Perpetuation of these processes may account for the slow progression of the disease. However, in some instances a much faster development is observed; thrombosis associated with vulnerable disrupted plaques seems to be responsible for the accelerated process of clinical syndrome presentation.
Evolution of atherothrombosis
The initial lesion Atherosclerotic lesions tend to develop in areas which are under repeated mechanical force changes, such as oscillating shear forces. The endothelium at these sites is characterized by increased permeability leading to an influx of low-density lipoproteins (LDL) and other plasma proteins into the intima. Additionally, circulating monocytes adhere to activated endothelial cells (expressing adhesive cell-surface glycoproteins such as E-selectin, VCAM-1 or ICAM-1), migrate between endothelial cells, enter the intima and differentiate into macrophages which can endocytose native and oxidized LDL. Lipids can also accumulate indirectly after death of lipid-rich foam cells [5] (Table 1) .
The lipid rich core originates primarily from lipoprotein trapping and binding to matrix proteins such as glycosaminoglycans, collagen and fibrinogen; this process results in focal collections of lipid laden foam cells seen microscopically as yellow fatty clots or streaks raised above the intimal surface. Recently, an important function in intracellular lipid accumulation has been recognized for LRP in vascular smooth muscle cells [6] [7] . Indeed aggregated, versican-fused-LDL are avidly taken up by human smooth muscle cells [8] and the gene codifying for the receptor is even up-regulated in the presence of high levels of LDL [9] .
The initial lipid and macrophage driven process is subsequently accompanied by smooth muscle cell activation, migration, and proliferation, followed by extracellular matrix deposition and further lipid accumulation. This gives rise to more mature and clinically significant atherosclerotic plaques. The endothelium is often physically and functionally impaired by further recruitment of monocytes and macrophages, compounded by the toxic effects of oxidized LDL, and degradation products such as oxygen free-radicals ( Figure 2 and Figure 3 , upper pannel).
The high risk vulnerable plaques
Atherosclerosis is a multifocal disease, the coronary arteries are generally diffusely affected with confluent plaques carpeting the vessel wall, but individual plaques vary greatly in composition. In patients with acute coronary syndromes, a significant atheromatous core is present in the majority of unstable plaques. Fibrous plaques are stable and often resistant to disruption, but may produce stable angina if coronary blood flow is reduced.
A vulnerable fibrolipid plaque consists of a lipid-rich core separated from the arterial lumen by a fibromuscular cap. This atheromatous core is mostly avascular, hypocellular (except at the periphery where macrophage foam cells are frequently present), devoided of supporting collagen, rich in free cholesterol esters and very soft [10] . The cap-region of the plaque is also subjected to peak hemodynamic stresses. These are the high-risk plaques, soft, unstable and vulnerable, that are prone to rupture. For eccentric plaques, unstability is often observed in the shoulder region at the junction of the plaque with the less diseased adjacent vessel wall ( Figure 3) .
The atheromatous gruel is the most thrombogenic component of a human plaque [11] and its high thrombogenicity is due to tissue factor presence in the plaque boundary layer [12] . The presence of tissue factor in plaques is clearly documented [13] although it is not yet known when and how its expression is induced. Therefore, nonstenotic but soft plaques should be considered ominous since myocardial infarction may often result from acute occlusion related to disrupted lipid-laden lesions. These observations suggest that limiting the management of coronary artery disease to severely stenotic atherosclerotic plaques may not entirely prevent ACS and sudden death.
Acute coronary syndromes
Strategies addressed to promote plaque stabilization and reduce thrombus burden have been one of the major targets of recents times.
Modification of diet and lifestyle has tremendous benefit in reducing coronary risk. Recently, a large Finnish study [14] demonstrated the role of lifestyle modification in reducing the progression of prediabetic patients into frank diabetes. This effect on reducing diabetic progression may translate into a reduction in the occurrence of plaque disruption.
Several pharmacological strategies with the ultimate goal of reducing cardiovascular morbidity and mortality have demostrated effectiveness. Among them, statins and angiotensin converting enzyme inhibitors have clearly demonstrated significant clinical benefit, which has been in part explained through plaque stabilization.
Statins
Statin therapy has revolutionized the management of the acute coronary syndrome patient. In addition of reducing lowdensity lipoproteins, statins seem to induce regression of vulnerable plaques by mechanisms still under investigation. Beneficial effects have been evidenced even in normolipemic patients. Recent MRI data have evidenced statin effects on extracoronary plaque stabilization [15] Angiotensin-converting enzyme inhibitors Subgroup analyses of the Studies of Left Ventricular Dysfunction (SOLVD) and the Survival and Ventricular Enlargement (SAVE) chronic heart failure trials demonstrated a reduction in myocardial infarction rates in patients with left ventricular dysfunction who were treated with an angiotensinconverting enzyme inhibitor. These findings were confirmed in the landmark Heart Outcomes Prevention Evaluation (HOPE) trial that demonstrated a 22% reduction in major cardiovascular events for high-risk vascular patients treated with ramipril [16] Since these results were largely independent of the angiotensin-converting enzyme inhibitor effect on lowering blood pressure, it is postulated that there may be both direct and indirect effects on plaque stability that account for the clinical benefits realized in HOPE.
Treatment of thrombosis
Antithrombotic therapy is the cornerstone of the treatment of acute coronary syndromes (Table 2) . Several pharmacologic strategies have been developed to dissolve preformed throm- bi and inhibit thrombogenesis. They have focused on inhibiting thrombin, preventing thrombin generation, blocking initiation of coagulation, inhibiting platelet activation, or increasing fibrinolysis. These agents can be subdivided into 3 broad categories: fibrinolytics, inhibitors of the intrinsic coagulation cascade, and anti-platelet agents (Table 3) . This review will focus mainly on the treatment of unstable angina and non-ST elevation myocardial infarction patients.
Fibrinolytics
Thrombolytic agents have demonstrated their effectiveness in dissolving acute thrombi, resulting in vascular reperfusion and myocardial salvage and reducing morbidity and mortality of patients with myocardial infarction. The management of acute ST-segment elevation myocardial infarction revolves around either mechanical reperfusion with primary percutaneous coronary intervention or the administration of a fibrinolytic. Fibrinolytics have undergone modifications that now allow for bolus administration with tolerable bleeding risks.
Inhibitors of the intrinsic coagulation pathway
UNFRACTIONATED HEPARIN Several well-designed clinical trials led to the widespread use of unfractioned heparin in acute coronary syndrome patients. Unfractioned heparin is an indirect thrombin inhibitor that also inhibits factor Xa. In a comprehensive meta-analysis of all acute coronary syndrome trials with unfractioned heparin, a modest risk reduction when unfractioned heparin was added to aspirin was evidenced [17] . The requirement of measuring of activated partial thromboplastin times (aPTT) and a potential bleeding risk are its major drawbacks.
LOW MOLECULAR WEIGHT HEPARIN
The development of low-molecular-weight heparin appeared to be a major advance in antithrombotic therapy for acute coronary syndromes. First introduced in the mid-1980s for the prevention of postoperative deep venous thrombosis, low-molecular-weight heparins provide a more reliable pharmacodynamic profile with a clearance and half-life that remain constant despite the dose delivered, leading to the advantage that monitoring of dosing is not generally warranted [18] .
In a large meta-analysis of all trials comparing low-molecular-weight heparin versus unfractioned heparin in patients with acute coronary syndrome treated with aspirin therapy, there appeared to be a slight trend towards a lower rate of early death or myocardial infarction (odds ratio 0.88, 95% confidence interval 0.69-1.12) in favor of low-molecular-weight heparin with no differences in adverse bleeding events [19] . Differences in anti-factor Xa activity between agents such as enoxaparin and daltaperin may explain discrepancies in trial results. To date low-molecular-weight heparin is being increasingly prescribed primarily for the ease and reliability of administration.
The efficacy and safety of subcutaneous route
Enoxaparin in Non-Q-wave Coronary Events (ESSENCE) and Thrombolysis in Myocardial Infarction-11B (TIMI-11B) trials confirmed that enoxaparin is superior to unfractioned heparin in reducing composite end-points (myocardial infarction and emergency revascularization) without increasing the risk of major bleeding [20] . No significant difference was observed in mortality, however, the meta-analysis pooling the data of ESSENCE and TIMI-11B showed a 20% reduction in death and serious cardiac ischemic events, which appeared within the first 8 days of treatment and was sustained through 43 days [20] . In the Assessment of the Safety and Efficacy of a New Thrombolytic-3 (ASSENT-3) trial [21] , head-to-head comparison in patients with myocardial infarction, the combination of the fibrinolytic agent (tenecteplase) with enoxaparin demonstrated superior clinical benefit than when combined with heparin. Furthermore, the effectiveness of the combination of enoxaparin with tenecteplase was similar to that of the combination of half-dose tenecteplase and abciximab; enoxaparin, however, resulted in a significant lower incidence of major bleeding. In view of the present data and the ease of administration, enoxaparin might be considered an attractive alternative anticoagulant treatment when given in combination with tenecteplase. These results strongly suggest a better efficacy of low-molecular-weight heparins versus unfractioned heparin. Whether enoxaparin is a desirable anticoagulant in conjunction with less fibrin-specific agents or whether enoxaparin can replace unfractionated heparin in combination with a platelet glycoprotein IIb/IIIa inhibitor and what role various pharmacologic combinations will ultimately have in conjunction with early coronary intervention remains to be determined.
Anti-platelet agents ASPIRIN Aspirin has been the most used anti-platelet therapy for years. Several randomized multicenter trials and meta-analyses have shown the protective effect of aspirin and other antiplatelet agents. Aspirin was shown to decrease the risk of cardiovascular morbidity and mortality in primary and secondary prevention studies. Death from cardiac causes as well as fatal and nonfatal myocardial infarction were reduced by 50% to 70% in patients with acute coronary syndrome. Currently a dose of 80 to 325 mg per day is recommended, with the understanding that higher doses of aspirin are associated with more frequent gastrointestinal side effects [22, 23] . Aspirin irreversibly blocks platelet cyclooxygenase and therefore the synthesis of the potent platelet activator thromboxane A2. However, aspirin fails to block platelet activation by other agonists such as thrombin, adenosine diphosphate or collagen; therefore, more potent anti-platelet therapies have been recently developed TRIFLUSAL A platelet Cox-1 inhibitor has also shown efficacy not only in coronary thrombosis but also at cerebrovascular level [24, 25] CLOPIDOGREL Clopidogrel, a thienopyridine derivative, affects the adenosine diphosphate-dependent activation of the glycoprotein IIb/IIIa complex and effectively inhibits platelet aggregation. The clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial demonstrated that in patients with a history of myocardial infarction, stroke or peripheral artery disease, clopidogrel reduced recurrent ischemic events by almost 9% when compared to aspirin alone [26] . The overall safety profile of clopidogrel appears at least as good as that of medium-dose aspirin. This finding led to the clinical question about the efficacy of combined aspirin and clopidogrel in a variety of cardiovascular syndromes.
The combination of clopidogrel and aspirin gives similar results to the combination of ticlopidine and aspirin in preventing coronary stent thrombosis, but is better tolerated and shows less adverse events [27] . Recently, the Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) study demonstrated the superiority of the combination of clopidogrel plus aspirin versus aspirin alone in patients with acute coronary syndrome [28] . The CURE investigators reported on more than 12,000 acute coronary syndrome patients who were randomly assigned clopidogrel or placebo in addition to aspirin therapy for 3 to 12 months. The primary outcome was either death, nonfatal myocardial infarction or stroke. On long-term follow-up, the primary event rate in the clopidogrel arm was 9.3% compared with 11.4% in the placebo arm (odds ratio 0.80, 95% confidence interval 0.72-0.90) [28] . As well, the incidence of important secondary in-hospital events such as refractory angina, chronic heart failure and the need for revascularization was reduced in the treatment arm. Interestingly, significant benefit was achieved during the first days of treatment since the curves corresponding to the cumulative hazard rate for the combined cardiac end-point (cardiovascular death, myocardial infarction, or stroke) started to diverge in the first 3 days post-treatment and thereafter maintained throughout the study.
GLYCOPROTEIN IIBIIIA INHIBITORS
Extensive clinical trial experience from evaluating intravenous glycoprotein IIbIIIa inhibitors in patients undergoing an invasive approach to acute coronary syndrome management has led to their adoption as routine therapy. Kong and colleagues performed a meta-analysis of 16 randomized trials of glycoprotein IIbIIIa inhibitors and discovered an odds ratio of 0.76 (95% confidence interval0.66-0.87) for the risk of death or nonfatal MI and found similar results for patients with or without ACS [29] . Various trials with different GPIIb/IIIa inhibitors demonstrated consistent clinical benefit within the context of percutaneous coronary intervention [30, 31] . Unlike intravenous glycoprotein IIb/IIIa inhibitors, available data regarding any role of oral glycoprotein IIb/IIIa inhibitors are not favorable.
New antithrombotic strategies
Newly developed approaches to coronary thrombosis pre- Because of the key position of tissue factor as the initiator of the extrinsec coagulation pathway leading to clot formation after injury, specific anti-tissue factor antibodies, factor VIIa and Xa inhibitors, or the recombinant form of endogenous tissue factor pathway inhibitor [32] may afford at least a theoretical advantage over therapies that target more "downstream" components of coagulation cascade. Other approaches still in an early preclinical phase are inhibitors of glycoprotein-Ib receptor (anti vonWillebrand), inhibitors of the adenosine diphosphate receptor P2T inhibitors and NO-donors.
Several inhibitors of the tissue factor pathway have already being investigated in clinical trials. The pharmacokinetics and safety of recombinant active site site-blocked activated factor VII (FFR-rFVIIa) after single doses in healthy subjects has been recently reported [33] . In addition, the safety of increasing doses of FFR-rFVIIa is being investigated in the on-going Active Site Inhibited Seven (ASIS) trial.
Direct factor Xa inhibitors are being studies in the on-going Xa Neutralization for Atherosclerotic Disease UnderstandingAcute Coronary Syndromes (XaNADU-ACS) study. A new indirect factor Xa inhibitors, the heparin derivate pentasaccharide, fondaparinux (Org31540/SR90107A), has shown that it acts on the two pathways of the coagulation cascade, selective inhibition of factor Xa and high-affinity binding to antithrombin III and inhibits thrombin generation and thrombus formation and growth. A clear dose-dependent effect on the prevention of venous thrombosis, as well as on the incidence of bleeding has been reported. Several phase II and III studies have been recently completed, and fondaparinux was reported to be the first antithrombotic to demonstrate significant benefit over low-molecular-weight heparin for the prevention of venous thromboembolism in three different types of orthopedic surgery: hip fracture, hip replacement and knee surgery [34] . The overall relative risk reduction in major orthopedic surgery, in both proximal and distal deep vein thrombosis, was 50% compared with low-molecular-weight heparin.
Despite their potent anticoagulant effect and positive results in small human studies, the first-generation thrombin inhibitors have failed to provide significant beneficial outcome compared with heparin in large randomized clinical trials. In general, the administration of thrombin inhibitor shows a significant effect during the period of administration that is not maintained thereafter. Therefore, an oral form of direct antithrombin compounds allowing long-term treatment has been object of active research. The first one of this new type of oral antithrombins reaching the clinical stage is the prodrug ximelagatran (H 376/95) formed by chemical modification of melagatran. Ximelagatran showed potent direct and reversible thrombin inhibition in both animal model and human thrombosis. The orally active ximelagatran seems promising for long-term thrombin inhibition in the prevention of both venous and arterial thrombosis, and may solve the problem of the rebound phenomenon seen after discontinuation of parenteral administration of first generation thrombin inhibitors.
The clinical experience with ximelagatran so far includes more than 20,000 patients, who have been enrolled in clinical trials comparing this oral agent with low-molecular-weight heparins in the prevention or treatment of deep venous thrombosis and pulmonary embolism after major orthopedic intervention. Ximelagatran showed a relative reduction in the incidence of deep venous thrombosis and pulmonary embolism after total knee replacement [34] .
